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PURPOSE: To impart brittle fracture porpagation resistant properties to a steel • 
pipe and to enable its use in the northernmost cold district by subjecting a slab 
contg. specified amounts of C, Si, Mn, P, S, Al, Ti, Nb, N and Fe to heating 
treatment and forming under specified conditions. 

CONSTITUTION: A slab constituted of, by weight, 0.03 to 0.2%. C, 0.01 to 0.5% Si, 
0.15 to 2.5% Mn, ^0.02% P, 0.005 to 0.1% S, 0.005 to 0.1% Al, 0.005 to 0.1% Ti, 
0.005 to 0.1% Nb and ^0.01% N, and the balance substantially Fe is heated to > 
1100°C and is subjected to hot piercing rolling into hollow pipe stock. This pipe 
stock is cooled to the Ar3 point to 110 0°C, is subjected to forming at 20 to 70 % . 
percentage reduction of a rea in thickness by a skew r ollin g mill of the_jpre ceding 
stage and is subjected to 20 to 70% forming by a final skew rolling mill. This 
steel pipe is thereafter subjected to hardening treatment of executing shape 
straightening continuous rolling by 20 to 70% at the Arl point to 900°C and rapidly 
cooling it from the Ar3 point or above and is thereafter subjected to tempering 
treatment of heating it to the Al, point or below and executing cooling. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. * 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is C as weight %. : 0.03 - 0.20%, Si:0.01-0.5%, Mn: 0.15-2.5%, P : 0.020% or less, S : 
0.005 - 0.1%, aluminum: 0.005-0.1%, Ti:0.005-0.1%, Nb:0.005-0.1%, N : it is the hollow element tube 
which carried out heating hot-piercing rolling of the slab with which 0.01% or less is contained and the 
remainder consists of Fe substantially at 1 100 degrees C or more Ar3 It cools to point -1 100 degree C. 
20 - 70% of fabrication is performed with the thick reduction of area with the skew rolling machine of 
the preceding paragraph just behind that. Furthermore, it is Ar3 by processing generation of heat by 
preceding paragraph skew rolling. Perform hollow rough tubing by which temperature up maintenance 
was carried out to point -1 100 degree C with the last skew rolling machine, and 20 - 70% of fabrication 
is performed with the thick reduction of area. Then, it is configuration correction continuation rolling 
Arl At point -900 degree C temperature, 20 - 70% of given steel pipe Ar3 After performing quenching 
treatment which quenches from the temperature beyond a point, it is Acl continuously. Manufacturing 
method of the high intensity seamless steel pipe which was excellent in the destructive propagation 
property characterized by performing tempering processing heated and cooled to the temperature below 
a point. 

[Claim 2] As weight %, it is C. : 0.03 - 0.20%, Si:0.01-0.5%, Mn: 0.15-2.5%, P : 0.020% or less, S : 
0.005 - 0.1%, aluminum:0.005-0.1%, Ti:0.005-0.1%, Nb:0.005-0.1%, N : 0.01% or less is contained. 
Furthermore, Cr:0.1-1.5%, Mo:0.05-0.5%, nickel:0. 1-2.0%, V : 0.01 - 0.1%, B : It is the hollow element 
tube which heated the slab with which 0.0003 - 0.0033% of one sort or two sorts or more are contained, 
and the remainder consists of Fe substantially at 1 100 degrees C or more, and carried out hot-piercing 
rolling Ar3 It cools to point -1 100 degree C. 20 - 70% of fabrication is performed with the thick 
reduction of area with the skew rolling machine of the preceding paragraph just behind that. 
Furthermore, it is Ar3 by processing generation of heat by preceding paragraph skew rolling. Perform 
hollow rough tubing by which temperature up maintenance was carried out to point -1 100 degree C with 
the last skew rolling machine, and 20 - 70% of fabrication is performed with the thick reduction of area. 
Then, it is configuration correction continuation rolling Arl At point -900 degree C temperature, 20 - 
70% of given steel pipe Ar3 After performing quenching treatment which quenches from the 
temperature beyond a point, it is Acl continuously. Manufacturing method of the high intensity 
seamless steel pipe which was excellent in the destructive propagation property characterized by 
performing tempering processing heated and cooled to the temperature below a point. 
[Claim 3] As weight %, it is C. : 0.03 - 0.20%, Si:0.0 1-0.5%, Mn: 0.15-2.5%, P : 0.020% or less, S : 
0.005 - 0.1%, aluminum:0.005-0.1%, Ti:0.005-0.1%, Nb:0.005-0.1%, N : 0.01% or less is contained. 
Furthermore, rare earth elements : 0.001 - 0.05%, calcium:0.00 1-0.02%, Co: It is the hollow element 
tube which heated the slab with which one sort (0.05-0.5% and Cu:0. 1-0.5%) or two sorts or more are 
contained, and the remainder consists of Fe substantially at 1 100 degrees C or more, and carried out hot- 
piercing rolling Ar3 It cools to point -1 100 degree C. 20 - 70% of fabrication is performed with the thick 
reduction of area with the skew rolling machine of the preceding paragraph just behind that. 
Furthermore, it is Ar3 by processing generation of heat by preceding paragraph skew rolling. Perform 
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hollow rough tubing by which temperature up maintenance was carried out to point -1 100 degree C with 
the last skew rolling machine, and 20 - 70% of fabrication is performed with the thick reduction of area. 
Then, it is configuration correction continuation rolling Arl At point -900 degree C temperature, 20 - 
70% of given steel pipe Ar3 After performing quenching treatment which quenches from the 
temperature beyond a point, it is Acl continuously. Manufacturing method of the high intensity 
seamless steel pipe which was excellent in the destructive propagation property characterized by 
performing tempering processing heated and cooled to the temperature below a point. 
[Claim 4] As weight %, it is C : 0.03 - 0.20%, Si:0.01-0.5%, Mn: 0.15-2.5%, P : 0.020% or less, S : 
0.005 - 0.1%, aluminum:0.005-0.1%, Ti:0.005-0.1%, Nb:0.005-0.1%, N : 0.01% or less is contained. 
Furthermore, Cr:0.1-1.5%, Mo:0.05-0.5%, nickel:0. 1-2.0%, V : 0.01 - 0.1%, B : 0.0003 - 0.0033% of 
one sort or two sorts or more, and rare earth elements : [ 0.001 - 0.05%, ] calcium: It is the hollow 
element tube which heated the slab with which one sort (0.001-0.02%, Co:0.05-0.5%, and Cu:0.1-0.5%) 
or two sorts or more are contained, and the remainder consists of Fe substantially at 1 100 degrees C or 
more, and carried out hot-piercing rolling Ar3 It cools to point -1 100 degree C. 20 - 70% of fabrication 
is performed with the thick reduction of area with the skew rolling machine of the preceding paragraph 
just behind that. Furthermore, it is Ar3 by processing generation of heat by preceding paragraph skew 
rolling. Perform hollow rough tubing by which temperature up maintenance was carried out to point - 
1 100 degree C with the last skew rolling machine, and 20 - 70% of fabrication is performed with the 
thick reduction of area. Then, it is configuration correction continuation rolling Arl At point -900 
degree C temperature, 20 - 70% of given steel pipe Ar3 After performing quenching treatment which 
quenches from the temperature beyond a point, it is Acl continuously. Manufacturing method of the 
high intensity seamless steel pipe which was excellent in the destructive propagation property 
characterized by performing tempering processing heated and cooled to the temperature below a point. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturing method of the high intensity 

seamless steel pipe which was excellent in the destructive propagation property. 

[0002] 

[Description of the Prior Art] In recent years, from the gas well and the seamless steel pipe which the 
Yui development has in a north polar region and the inclination formed into high depth, and is used as 
development equipment and materials, the property which has high intensity and high toughness 
(destructive propagation property) is demanded as an energy resource. 

[0003] It is the lamellar structure which can demonstrate the separation effectiveness conventionally at 
the time of destruction in order to satisfy such many properties simultaneously, and is a grain size 
number ASTM. It is confirmed by this invention person etc. that the detailed organization beyond No.6 
is effective. It is hard to become the lamellar structure which can demonstrate the separation 
effectiveness on the other hand since processing is usually performed by the pyrosphere 1 100 degrees C 
or more like the roll turner of the seamless steel pipe between heat for reservation of a molding object 
and surface grace, although divided like punching rolling of casting slab, drawing rolling, and a finish 
roll turner, and the recrystallization gamma grain growth after rolling is remarkable, and a grain size 
number is ASTM. It becomes a coarse-grain organization not more than No.6. That is, for satisfying the 
property demanded as Yui development equipment and materials in recent years, they are the lamellar 
structure and ASTM. It has the lamellar structure, although it is stabilized and it is necessary to obtain 
the detailed organization beyond No.6, and it is ASTM. The direct-quenching-tempering process of 
tempering obtaining the high intensity seamless steel pipe which secured the detailed organization 
beyond No.6 and was excellent in the destructive propagation property immediately after seamless 
rolling between heat was inadequate. 

[0004] Therefore, it is once the hollow element tube which carried out hot rough rolling, for example by 
JP,52-77813,A compulsorily Arl of steel Quenching-tempering detailed systematization was carried out 
after finish rolling which lowers to below a point, austenitizes again and is performed succeedingly, or 
after the usual finish rolling, reheating quenching-annealing needed to be performed and it needed to 
carry out in the detailed organization thoroughly. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the above approaches had the fault which becomes 
complicated [ other than the problem on thermal efficiency / a production process ] also in any. as 
[ conventional seamless rolling / between heat /-on the other hand ] — it is — an oil well in recent years — 
since more than grain size number ASTMNo.6 that is the requirement with which can be satisfied of the 
property required of development was not obtained, there was a problem from which the high intensity 
seamless steel pipe which excelled [ process saving /, such as direct-quenching processing, ] in the 
destructive propagation property is not obtained. 

[0006] This invention is made, as a result of experimenting in many and inquiring that the above- 
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mentioned conventional trouble should be canceled, and it aims at offering the manufacturing method of 
the high intensity seamless steel pipe which was excellent in the destructive propagation property by 
controlling a steel component and hot rolling conditions. 
[0007] 

[Means for Solving the Problem] The place which constitutes this invention in order to attain said 
object, and is made into the summary is C as weight %. : 0.03 - 0.20%, Si: 0.01-0.5%, Mn:0.15-2.5%, 
P : 0.020% or less, S : 0.005 - 0.1%, aluminum: 0.005-0.1%, Ti:0.005-0.1%, Nb: 0.005-0.1%, N : 0.01% 
or less is contained. Depending on the need, further Cr:0.1-1.5%, Mo: 0.05-0.5%, nickel:0. 1-2.0%, V : 
0.01 - 0.1%, B : 0.0003 - 0.0033%, rare earth elements : [ 0.001 - 0.05%, calcium:0.00 1-0.02%, 
Co:0.05-0.5%, ] Cu: It is the hollow element tube which heated the slab with which one 0.1-0.5% sort or 
two sorts or more are contained, and the remainder consists of Fe substantially at 1 100 degrees C or 
more, and carried out hot^piercing rolling Ar3 It cools to point -1 J 100 d egree C. 20 - 70% of fabricating 
operation is performed with the thick reduction of area with the skew rolling machine of the preceding 
paragraph just behind that. Furthermore, it is Ar3 by generation of heat at the time of processing by 
preceding paragraph skew* rolling. Perform hollow rough tubing by which temperature-up maintenance 
was carried out to point -1 100 degree C with the last skew rolling machine, and 20 - 70% of fabricating 
operation is performed with the thick reduction of area. Then, it is configuration correction continuous 
rolling Arl The steel pipe which performed 20 - 70% of fabricating operation at point -900 degree C 
temperature Ar3 After performing quenching treatment which quenches from the temperature beyond a 
point, it is Acl continuously. It is the manufacturing method of the high intensity high toughness 
seamless steel pipe which was excellent in the SSC-proof nature which performs tempering processing 
heated and cooled to the temperature below a point. 

[0008] The manufacturing method of this invention is explained to a detail below. First, the reason 
limited to the above steel components in this invention is explained. The quenching effectiveness is 
increased, reinforcement is raised and C and Mn are 2 the 30 to 60 kgf/mm yield point. It is important in 
order to be stabilized and to obtain high tensile steel, and in order to attain grain refining. When too few, 
the effectiveness did not exist, and when many [ too ], induction of a quench crack, and in order to form 
a high degree of hardness and to cause lowering of SSC-proof nature, they could be 0.03 - 0.20%, and 
0. 1 5 - 2.5%, respectively. 

[0009] Si is an effective component which is that in which the deoxidizer remained and raises 
reinforcement. When too few, the effectiveness did not exist, and if many [ too ], in order to increase 
inclusion and to reduce SSC-proof nature, it could be 0.01 - 0.5%. Grain boundary segregation was 
started, P was a harmful component that it is easy to produce a crack in the case of processing, and it 
made the content 0.020% or less in order to cause degradation of low-temperature toughness. S forms 
MnS system inclusion, is extended by the continuous rolling between heat, forms the lamellar structure, 
and improves the destructive communicability ability of steel. When too few, the effectiveness did not 
exist, and if many [ too ], in order to increase inclusion and to stiffen the property of steel, it could be 
0.005 -0.1%. 

[0010] aluminum is that in which the deoxidizer remained like Si, it combines with N contained as an 
impurity component in steel, stops grain growth, and improves the destructive communicability ability 
of steel. When too few, the effectiveness did not exist, and if many [ too ], in order to increase inclusion 
and to stiffen the property of steel, it could be 0.005 - 0.1%. 

[001 1] Each of Ti and Nb(s) is the diameter control elements of crystal grain under seamless rolling, and 
is the most important elements in the component of this invention. It demonstrates the hardenability of 
the below-mentioned B from deoxidation and an operation of denitrification, and raises reinforcement 
while Ti combines with N contained as an impurity component in steel, stops the grain growth after the 
crystal grain control under hot rolling, and hot rolling and improves the destructive communicability 
ability of steel. When too few, the effectiveness did not exist, and if many [ too ], in order to deposit TiC 
and to embrittle steel, it could be 0.005 - 0.1%. On the other hand, Nb is 900 degree-C-Arl after the 
grain growth control in skew rolling, and continuous rolling. It is the important element which controls 
abnormality big and rough-ization of gamma grain at the time of heating this element tube that 
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descended to the temperature of a point at 900-1 100 degrees C higher than this temperature. When too 
few, the effectiveness did not exist, even if many [ too ], the effectiveness was saturated, and since it 
was moreover very expensive, it could be 0.005 - 0.1%. 

[0012] N made the content 0.01% or less as a harmful component for which the hardenability of the 
below-mentioned B is reduced. 

[0013] When the steel of the above-mentioned component presentation raises the reinforcement of steel 
further, components, such as Cr, are added selectively if needed. Cr, Mo, nickel, and V increase the 
hardenability of steel, and they are added in order to raise reinforcement. When too few, the 
effectiveness did not exist, even if many [ too ], the effectiveness was saturated, and since it was 
moreover very expensive, they could be 0.01 - 1.5%, 0.05 - 0.5%, 0.1 - 2.0%, and 0.01 - 0.1%, 
respectively. B makes hardenability improve remarkably and raises reinforcement. When too few, the 
effectiveness did not exist, and even if many [ too ], it did not change, but since effectiveness degraded 
toughness and hot-working nature, it was made into 0.0003 - 0.003%. 

[0014] Furthermore, this invention adds components, such as rare earth elements, selectively if needed, 
in order to improve the SSC-proof nature of the steel which consists of above-mentioned component 
presentations in view of the operating environment of a seamless steel pipe in recent years. Rare earth 
elements and calcium are effective components which the gestalt of inclusion is made to spheroidize and 
are defanged. When too few, the effectiveness did not exist, and since inclusion is increased and SSC- 
proof nature was reduced when many [ too ], they could be 0.001 - 0.05%, and 0.001 - 0.02%, 
respectively. Co and Cu have the hydrogen trespass depressor effect to the inside of steel, and work 
effective in SSC-proof nature. When too few, the effectiveness did not exist, and since the effectiveness 
would be saturated if many [ too ], they could be 0.05 - 0.5%, and 0.1 - 0.5%, respectively. 
[0015] Next, the reason which limited the seamless rolled bar affair between heat as mentioned above is 
explained, the steel of the above component presentations is fusion furnaces, such as a converter and an 
electric furnace, — it is — pass vacuum-degassing processing further — it is ingoted and slab is 
manufactured by the continuous casting process or the ingot making cogging method, there is slab 
promptly — it is once it is cooled, it heats to an elevated temperature and hot-piercing rolling is 
performed. Whenever [ stoving temperature ] must be made sufficiently high in order to make hot- 
piercing rolling easy. Since trouble did not arise at all on hot-piercing processing at the temperature of 
1 100 degrees C or more when it was component within the limits of this invention, the temperature was 
made into 1 100 degrees C or more. 

[0016] The hollow element tube to which punching rolling was performed is Ar3 before the skew rolling 
machine of the preceding paragraph. It cools to point - JJ^OOdegree C temperature, and skew rolling 
roughed promptly is performed. Unlike other rolling mills (a mandrel mill, plug mill, etc.) used for 
rolling of a seamless steeTpipeTor the rolling mill of a steel plate, skew rolling machines (elongator mill 
etc.) have the dramatically large component of a shear strain, therefore, compared with the amount of 
strains predicted from cross-section percentage reduction, the substantial amount of strains is alike and 
large. For this reason, in a skew rolling machine, even if it is processing of small cross-section 
percentage reduction, as drawing 1 R> 1 shows, a fine grain is obtained compared with the small rolling 
mill of a shear strain, and since processing generation of heat is large, it becomes securable 
[ temperature required for the skew rolling of the next last stage ]. 

[0017] Hollow rough tubing rolled out with the skew rolling machine of the preceding paragraph is Ar3. 
Temperature-up maintenance is carried out at point -1 100 degree C temperature, and skew rolling 
roughed to the outer diameter near the last configuration of a steel pipe and thickness with the skew 
rolling machine of the last stage is performed. The effectiveness over detailed-izing of the diameter of 
crystal grain of the skew rolling machine of the last stage is the same as that of the skew rolling machine 
of the preceding paragraph shown in drawing 1 . For the rolling temperature of a skew rolling machine, 
since remarkable growth of a recrystallization grain will take place if high, but detailed-ization of the 
crystal grain by recrystallization cannot be attained that the moldability of steel falls remarkably 
according to buildup of a rolling load, and a target outer diameter and thickness are hard to be obtained 
if too low, the preceding paragraph and the last stage are Ar3. It limited to point -1 100 degree C. 
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[0018] Moreover, in a skew rolling machine, since a great portion of recrystallization takes place 
dynamically, a grain size number does not depend the preceding paragraph and the last stage on the 
amount of processings. However, it is necessary to be over the critical strain to recrystallize. Rolling 
reduction made the minimum 20% in consideration of happening statically [ recrystallization ] also after 
rolling termination. On the other hand, if rolling reduction was too large not much, since rolling would 
become difficult and the moldability of a pipe and deterioration of surface grace would take place, the 
upper limit was made into 70%. 

[0019] This rough tubing made detailed by the skew rolling of the preceding paragraph and the last stage 
performs 20 - 70% of continuous rolling with the thick reduction of area further at the temperature of 
one - 900 degree C of Ar(s) after rolling termination for configuration correction. Since it is necessary to 
obtain the strong non-recrystallized lamellar structure in order to obtain a detailed organization more by 
cooling after continuous rolling termination, rolling temperature is Arl. It could be point -900 degree C. 
Since a rolling load would become large and a moldability would fall if sufficient lamellar structure 
obtains and is too large when not much small, the amount of processings was made into 20 - 70% with 
the thick reduction of area. 

[0020] This rough tubing that obtained the strong detailed and lamellar structure with the above rolling 
is Ar3. Quenching treatment is performed from the temperature beyond a point. Quenching treatment 
initiation temperature is Ar3 in order to secure the reinforcement which secures and needs sufficient 
hardened structure. It carried out to beyond the point. Although especially the cooling rate at the time of 
quenching is not limited, let it be a rate quicker than air cooling. 

[0021] Tempering processing is performed after quenching for stabilization of the properties (a brittle 
fracture propagation property, reinforcement, SSC-proof nature, etc.) of steel. Tempering temperature is 
the need of securing stabilization of reinforcement and toughness to Acl. It carried out to below the 
point. It does not limit especially about the heating approach. 

[0022] gamma obtained on the above manufacture conditions is effective in manufacture of the high 
intensity high toughness seamless steel pipe which was excellent in the brittle fracture propagation 
property, without including a big and rough grain. 
[0023] 

[Example] Next, the example of this invention is explained. A table 1 is the chemical entity of the slab 
which ingoted with the converter and was manufactured through continuous casting (table 1-1), and 
showed the reinforcement of the steel pipe by this invention method and conventional method which 
performed seamless rolling between heat and carried out direct-quenching annealing of this, a brittle 
fracture propagation property, and gamma grain size in a table 1-2. The steel pipe manufactured by this 
invention method has high intensity, and compares it with a conventional method, and gamma grain size 
is detailed and it turns out that a high brittle fracture propagation property is acquired. 
[0024] 
[A table 1] 
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[0025] 
[A table 2] 
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[0026] 

[Effect of the Invention] The steel pipe manufactured by the above this invention methods has high 
intensity, since it is a fine grain further, a brittle fracture propagation property is excellent, and it is used 
in the cold district of a north polar region. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturing method of the high intensity 

seamless steel pipe which was excellent in the destructive propagation property. 

[0002] 

[Description of the Prior Art] In recent years, from the gas well and the seamless steel pipe which the 
Yui development has in a north polar region and the inclination formed into high depth, and is used as 
development equipment and materials, the property which has high intensity and high toughness 
(destructive propagation property) is demanded as an energy resource. 

[0003] It is the lamellar structure which can demonstrate the separation effectiveness conventionally at 
the time of destruction in order to satisfy such many properties simultaneously, and is a grain size 
number ASTM. It is confirmed by this invention person etc. that the detailed organization beyond No. 6 
is effective. It is hard to become the lamellar structure which can demonstrate the separation 
effectiveness on the other hand since processing is usually performed by the pyrosphere 1 100 degrees C 
or more like the roll turner of the seamless steel pipe between heat for reservation of a molding object 
and surface grace, although divided like punching rolling of casting slab, drawing rolling, and a finish 
roll turner, and the recrystallization gamma grain growth after rolling is remarkable, and a grain size 
number is ASTM. It becomes a coarse-grain organization not more than No.6. That is, for satisfying the 
property demanded as Yui development equipment and materials in recent years, they are the lamellar 
structure and ASTM. It has the lamellar structure, although it is stabilized and it is necessary to obtain 
the detailed organization beyond No.6, and it is ASTM. The direct-quenching-tempering process of 
tempering obtaining the high intensity seamless steel pipe which secured the detailed organization 
beyond No.6 and was excellent in the destructive propagation property immediately after seamless 
rolling between heat was inadequate. 

[0004] Therefore, it is once the hollow element tube which carried out hot rough rolling, for example by 
JP,52-77813,A compulsorily Arl of steel Quenching-tempering detailed systematization was carried out 
after finish rolling which lowers to below a point, austenitizes again and is performed succeedingly, or 
after the usual finish rolling, reheating quenching-annealing needed to be performed and it needed to 
carry out in the detailed organization thoroughly. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the above approaches had the fault which becomes 
complicated [ other than the problem on thermal efficiency / a production process ] also in any. as 
[ conventional seamless rolling / between heat /-on the other hand ] - it is — an oil well in recent years - 
since more than grain size number ASTMNo.6 that is the requirement with which can be satisfied of the 
property required of development was not obtained, there was a problem from which the high intensity 
seamless steel pipe which excelled [ process saving /, such as direct-quenching processing, ] in the 
destructive propagation property is not obtained. 

[0006] This invention is made, as a result of experimenting in many and inquiring that the above- 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 8/15/05 



JP,06-184635,A PET AILED DESCRIPTION] 



Page 2 of 7 



mentioned conventional trouble should be canceled, and it aims at offering the manufacturing method of 
the high intensity seamless steel pipe which was excellent in the destructive propagation property by 
controlling a steel component and hot rolling conditions. 
[0007] 

[Means for Solving the Problem] The place which constitutes this invention in order to attain said 
object, and is made into the summary is C as weight %. : 0.03 - 0.20%, Si: 0.01-0.5%, Mn:0. 15-2.5%, 
P : 0.020% or less, S : 0.005 - 0.1%, aluminum: 0.005-0.1%, Ti:0.005-0.1%, Nb: 0.005-0.1%, N : 0.01% 
or less is contained. Depending on the need, further Cr:0.1-1.5%, Mo: 0.05-0.5%, nickel:0. 1-2.0%, V : 
0.01 - 0.1%, B : 0.0003 - 0.0033%, rare earth elements : [ 0.001 - 0.05%, calcium:0.00 1-0.02%, 
Co:0.05-0.5%, ] Cu: It is the hollow element tube which heated the slab with which one 0.1-0.5% sort or 
two sorts or more are contained, and the remainder consists of Fe substantially at 1 100 degrees C or 
more, and carried out hot-piercing rolling Ar3 It cools to point -1 100 degree C. 20 - 70% of fabricating 
operation is performed with the thick reduction of area with the skew rolling machine of the preceding 
paragraph just behind that. Furthermore, it is Ar3 by generation of heat at the time of processing by 
preceding paragraph skew rolling. Perform hollow rough tubing by which temperature-up maintenance 
was carried out to point -1 100 degree C with the last skew rolling machine, and 20 - 70% of fabricating 
operation is performed with the thick reduction of area. Then, it is configuration correction continuous 
rolling Arl The steel pipe which performed 20 - 70% of fabricating operation at point -900 degree C 
temperature Ar3 After performing quenching treatment which quenches from the temperature beyond a 
point, it is Acl continuously. It is the manufacturing method of the high intensity high toughness 
seamless steel pipe which was excellent in the SSC-proof nature which performs tempering processing 
heated and cooled to the temperature below a point. 

[0008] The manufacturing method of this invention is explained to a detail below. First, the reason 
limited to the above steel components in this invention is explained. The quenching effectiveness is 
increased, reinforcement is raised and C and Mn are 2 the 30 to 60 kgf/mm yield point. It is important in 
order to be stabilized and to obtain high tensile steel, and in order to attain grain refining. When too few, 
the effectiveness did not exist, and when many [ too ], induction of a quench crack, and in order to form 
a high degree of hardness and to cause lowering of SSC-proof nature, they could be 0.03 - 0.20%, and 
0.15 - 2.5%, respectively. 

[0009] Si is an effective component which is that in which the deoxidizer remained and raises 
reinforcement. When too few, the effectiveness did not exist, and if many [ too ], in order to increase 
inclusion and to reduce SSC-proof nature, it could be 0.01 - 0.5%. Grain boundary segregation was 
started, P was a harmful component that it is easy to produce a crack in the case of processing, and it 
made the content 0.020% or less in order to cause degradation of low-temperature toughness. S forms 
MnS system inclusion, is extended by the continuous rolling between heat, forms the lamellar structure, 
and improves the destructive communicability ability of steel. When too few, the effectiveness did not 
exist, and if many [ too ], in order to increase inclusion and to stiffen the property of steel, it could be 
0.005 -0.1%. 

[0010] aluminum is that in which the deoxidizer remained like Si, it combines with N contained as an 
impurity component in steel, stops grain growth, and improves the destructive communicability ability 
of steel. When too few, the effectiveness did not exist, and if many [ too ], in order to increase inclusion 
and to stiffen the property of steel, it could be 0.005 - 0.1%. 

[001 1] Each of Ti and Nb(s) is the diameter control elements of crystal grain under seamless rolling, and 
is the most important elements in the component of this invention. It demonstrates the hardenability of 
the below-mentioned B from deoxidation and an operation of denitrification, and raises reinforcement 
while Ti combines with N contained as an impurity component in steel, stops the grain growth after the 
crystal grain control under hot rolling, and hot rolling and improves the destructive communicability 
ability of steel. When too few, the effectiveness did not exist, and if many [ too ],.in order to deposit TiC 
and to embrittle steel, it could be 0.005 - 0.1%. On the other hand, Nb is 900 degree-C-Arl after the 
grain growth control in skew rolling, and continuous rolling. It is the important element which controls 
abnormality big and rough-ization of gamma grain at the time of heating this element tube that 
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descended to the temperature of a point at 900-1 100 degrees C higher than this temperature. When too 
few, the effectiveness did not exist, even if many [ too ], the effectiveness was saturated, and since it 
was moreover very expensive, it could be 0.005 - 0.1%. 

[0012] N made the content 0.01% or less as a harmful component for which the hardenability of the 
below-mentioned B is reduced. 

[0013] When the steel of the above-mentioned component presentation raises the reinforcement of steel 
further, components, such as Cr, are added selectively if needed. Cr, Mo, nickel, and V increase the 
hardenability of steel, and they are added in order to raise reinforcement. When too few, the 
effectiveness did not exist, even if many [ too ], the effectiveness was saturated, and since it was 
moreover very expensive, they could be 0.01 - 1.5%, 0.05 - 0.5%, 0.1 - 2.0%, and 0.01 - 0.1%, 
respectively. B makes hardenability improve remarkably and raises reinforcement. When too few, the 
effectiveness did not exist, and even if many [ too ], it did not change, but since effectiveness degraded 
toughness and hot-working nature, it was made into 0.0003 - 0.003%. 

[0014] Furthermore, this invention adds components, such as rare earth elements, selectively if needed, 
in order to improve the SSC-proof nature of the steel which consists of above-mentioned component 
presentations in view of the operating environment of a seamless steel pipe in recent years. Rare earth 
elements and calcium are effective components which the gestalt of inclusion is made to spheroidize and 
are defanged. When too few, the effectiveness did not exist, and since inclusion is increased and SSC- 
proof nature was reduced when many [ too ], they could be 0.001 - 0.05%, and 0.001 - 0.02%, 
respectively. Co and Cu have the hydrogen trespass depressor effect to the inside of steel, and work 
effective in SSC-proof nature. When too few, the effectiveness did not exist, and since the effectiveness 
would be saturated if many [ too ], they could be 0.05 - 0.5%, and 0.1 - 0.5%, respectively. 
[0015] Next, the reason which limited the seamless rolled bar affair between heat as mentioned above is 
.explained, the steel of the above component presentations is fusion furnaces, such as a converter and an 
electric furnace, — it is — pass vacuum-degassing processing further — it is ingoted and slab is 
manufactured by the continuous casting process or the ingot making cogging method, there is slab 
promptly - it is - once it is cooled, it heats to an elevated temperature and hot-piercing rolling is 
performed. Whenever [ stoving temperature ] must be made sufficiently high in order to make hot- 
piercing rolling easy. Since trouble did not arise at all on hot-piercing processing at the temperature of 
1 100 degrees C or more when it was component within the limits of this invention, the temperature was 
made into 1 100 degrees C or more. 

[0016] The hollow element tube to which punching rolling was performed is Ar3 before the skew rolling 
machine of the preceding paragraph. It cools to point -1 100 degree C temperature, and skew rolling 
roughed promptly is performed. Unlike other rolling mills (a mandrel mill, plug mill, etc.) used for 
rolling of a seamless steel pipe, or the rolling mill of a steel plate, skew rolling machines (elongator mill 
etc.) have the dramatically large component of a shear strain, therefore, compared with the amount of 
strains predicted from cross-section percentage reduction, the substantial amount of strains is alike and 
large. For this reason, in a skew rolling machine, even if it is processing of small cross-section 
percentage reduction, as drawing 1 R> 1 shows, a fine grain is obtained compared with the small rolling 
mill of a shear strain, and since processing generation of heat is large, it becomes securable 
[ temperature required for the skew rolling of the next last stage ]. 

[001 7] Hollow rough tubing rolled out with the skew rolling machine of the preceding paragraph is Ar3. 
Temperature-up maintenance is carried out at point -1 100 degree C temperature, and skew rolling 
roughed to the outer diameter near the last configuration of a steel pipe and thickness with the skew 
rolling machine of the last stage is performed. The effectiveness over detailed-izing of the diameter of 
crystal grain of the skew rolling machine of the last stage is the same as that of the skew rolling machine 
of the preceding paragraph shown in drawing 1 . For the rolling temperature of a skew rolling machine, 
since remarkable growth of a recrystallization grain will take place if high, but detailed-ization of the 
crystal grain by recrystallization cannot be attained that the moldability of steel falls remarkably 
according to buildup of a rolling load, and a target outer diameter and thickness are hard to be obtained 
if too low, the preceding paragraph and the last stage are Ar3. It limited to point -1 100 degree C. 
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[0018] Moreover, in a skew rolling machine, since a great portion of recrystallization takes place 
dynamically, a grain size number does not depend the preceding paragraph and the last stage on the 
amount of processings. However, it is necessary to be over the critical strain to recrystallize. Rolling 
reduction made the minimum 20% in consideration of happening statically [ recrystallization ] also after 
rolling termination. On the other hand, if rolling reduction was too large not much, since rolling would 
become difficult and the moldability of a pipe and deterioration of surface grace would take place, the 
upper limit was made into 70%. 

[0019] This rough tubing made detailed by the skew rolling of the preceding paragraph and the last stage 
performs 20 - 70% of continuous rolling with the thick reduction of area further at the temperature of 
one - 900 degree C of Ar(s) after rolling termination for configuration correction. Since it is necessary to 
obtain the strong non-recrystallized lamellar structure in order to obtain a detailed organization more by 
cooling after continuous rolling termination, rolling temperature is Arl . It could be point -900 degree C. 
Since a rolling load would become large and a moldability would fall if sufficient lamellar structure 
obtains and is too large when not much small, the amount of processings was made into 20 - 70% with 
the thick reduction of area. 

[0020] This rough tubing that obtained the strong detailed and lamellar structure with the above rolling 
is Ar3. Quenching treatment is performed from the temperature beyond a point. Quenching treatment 
initiation temperature is Ar3 in order to secure the reinforcement which secures and needs sufficient 
hardened structure. It carried out to beyond the point. Although especially the cooling rate at the time of 
quenching is not limited, let it be a rate quicker than air cooling. 

[0021] Tempering processing is performed after quenching for stabilization of the properties (a brittle 
fracture propagation property, reinforcement, SSC-proof nature, etc.) of steel. Tempering temperature is 
the need of securing stabilization of reinforcement and toughness to Acl. It carried out to below the 
point. It does not limit especially about the heating approach. 

[0022] gamma obtained on the above manufacture conditions is effective in manufacture of the high 
intensity high toughness seamless steel pipe which was excellent in the brittle fracture propagation 
property, without including a big and rough grain. 
[0023] 

[Example] Next, the example of this invention is explained. A table 1 is the chemical entity of the slab 
which ingoted with the converter and was manufactured through continuous casting (table 1-1), and 
showed the reinforcement of the steel pipe by this invention method and conventional method which 
performed seamless rolling between heat and carried out direct-quenching annealing of this, a brittle 
fracture propagation property, and gamma grain size in a table 1-2. The steel pipe manufactured by this 
invention method has high intensity, and compares it with a conventional method, and gamma grain size 
is detailed and it turns out that a high brittle fracture propagation property is acquired. 
[0024] 
[A table 1] 
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[0025] 
[A table 2] 
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[0026] 

[Effect of the Invention] The steel pipe manufactured by the above this invention methods has high 
intensity, since it is a fine grain further, a brittle fracture propagation property is excellent, and it is used 
in the cold district of a north polar region. 
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